Background: Data have indicated that the lymph node ratio (LNR) may be a better prognostic indicator than lymph node status in pancreatic cancer. Objectives: To analyse the value of the LNR in patients undergoing resection for periampullary carcinomas.
Introduction
Surgical resection remains the only potential curative treatment for periampullary cancers (ampulla, pancreatic head, distal common bile duct and duodenal); however, the 5-year survival has not improved significantly over the past decade and rarely exceeds 25%, with better results for ampullary lesions and worse outcomes for pancreatic head adenocarcinomas. 1, 2 Several histopathological and tumour-related factors have been associated with a poor prognosis after surgery including tumour stage, size, grade, DNA content, resection margin and lymph node status. 3, 4 The potential for more effective chemotherapeutic and biological agents may require modifications in traditional staging methods to facilitate effective patient selection for clinical trials, adjuvant therapies and for the purposes of prognosticatication.
An increasing number of reports are proposing the ratio between the number of lymph node metastases and the number of resected nodes, the so-called lymph node ratio (LNR), as a prognostic indicator of poor overall survival (OS), suggesting it may be more important than either LN status or the number of nodes evaluated alone in pancreatic cancer. [5] [6] [7] [8] [9] [10] [11] [12] These studies and others in gastrointestinal cancers have shown that LNR either as a categorical variable using a cut-off of 0.2 (ranges 0.15-0.4) or as a continuous variable were strong negative prognostic factors. 13, 14 The aim of this study was to analyse the LNR in patients undergoing a resection for periampullary carcinomas, assess its value as a prognostic factor on OS and evaluate its role in the context of other established prognostic factors.
Patients and methods
A total of 598 patients underwent a pancreatoduodenectomy at two high volume institutions; the Cleveland Clinic, Cleveland, Ohio, USA and St James University Hospital, Leeds, England between January 2000 and December 2010. Periampullary carcinomas comprised of tumours of the pancreatic head, ampulla complex and distal common bile duct. Duodenal carcinomas were excluded from this study.
In all patients, pre-operative radiological assessment included a thoracic, abdominal and pelvic computed tomography (CT), with magnetic resonance imaging of the pancreas and biliary tree performed when indicated. Operative techniques are similar at the two centres including the dissection of the pancreatic head and peri-pancreatic lymph nodes, and in the restoration of continuity of the gastrointestinal tract. A standard lymphadenectomy was performed in all patients. There were no differences in unit protocols directed decisions on the use of blood products with transfusion of red blood cells performed for those with haemoglobin <8 g/dl or symptomatic patients with haemoglobin of 8-10 g/dl.
For each patient, a demographic profile was collected together with details of histopathological features including resection margin status, vascular and perineural invasion. For all specimens, the total number of lymph nodes retrieved was recorded, as were the number with metastatic involvement. The American Joint Committee on Cancer (AJCC) TNM classification and the Royal College of Pathologist of United Kingdom have set 12 and 15 lymph nodes, respectively, as the minimal number to be collected at surgery and these figures were utilized to create categorical variables for the survival analysis. 15, 16 For the purpose of this study, a positive resection margin was defined as the presence of a cancer cell within 1 mm of the transection margins.
The LNR was calculated by dividing the number of lymph nodes with metastasis present by the number of lymph nodes examined. For the main analysis, patients were divided into two groups according to a LNR either below or above 0.2. This was selected after review of the literature and utilized to maintain some uniformity when comparing with published studies. In addition, a further analysis was performed using different LNR cut-offs to evaluate the impact on OS and in patients with N1 disease.
Survival and follow-up
Peri-operative mortality was defined as death within 60 days after a resection and such patients were excluded from long-term survival analysis. 17 After initial post-operative review at 1 month, all patients were examined in the outpatient clinic at 3-monthly intervals for the first 2 years and annually thereafter. Overall survival was defined from the time of surgical resection to the date of death.
Data collection and statistical analysis
Student's t-test and Pearson's chi-squared test was used for continuous and categorical variables, respectively. Where variables did not follow a normal distribution, the Mann-Whitney U-test was applied. The Kaplan-Meier method was performed to analyse the overall survival. A multi-variate analysis was performed using Cox regression ( Step-wise forward model) for variables reaching significance on univariate analysis that impacted upon OS. All statistical analyses were performed using the PASW for Windows™ version 18.0 (SPSS Inc, Chicago, IL, USA), and statistical significance was taken at the 5% level.
Results
During the study period, 598 patients underwent surgery for periampullary carcinomas. The complete datasets were not available for 5 (0.8%) patients, and together with peri-operative mortality of 42/593 (7%) the total number of patients available for the analysis of long-term survival was 551 (92.1%). Descriptive data for the entire cohort are shown in Table 1 .
Long-term survival
The median follow-up was 32 months (range 0-130) and the median OS for the entire study cohort was 26 months (range [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . At the time of the analysis, 238 (40%) patients were still alive. Actuarial overall 1-, 3-and 5-year survival for the study group was 77% 39% and 27% respectively. Patient and tumour variables in the entire group of patients divided by the LNR < 0.2 and > 0.2 are shown in Table 2 . The analysis of factors associated with OS is summarized in Table 3 .
LNR, nodal status and OS
A LNR > 0.2 was an independent prognostic indicator of a poor outcome conferring an increased risk of death in the study population (n = 551) by 37% (HR 1.373, P = 0.030) Table 3 . The median survival for patients with a NLR < 0.2 was 33 months compared with 18 months in patients with a LNR > 0.2 (P < 0.001) Fig. 1 . In an attempt to make an observation on the impact of different LNR cut-offs on outcome, the median survival was assessed for incremental increases in LNR, and an inverse relationship between these factors was observed: > 0.05, > 0.1, > 0.15, > 0.2 and > 0.3 associated with 33, 20, 21, 18 and 18 months, respectively (P < 0.001). The cut-off value for when LNR loses its value as an independent in a multivariate model was calculated as 0.08 (1.613 HR 1.076-2.419, P = 0.021, data not shown). A Kaplan-Meier curve for OS stratified by different LNR cut-off values (0.05, 0.1, 0.15, 0.2, 0.3) is shown in Fig. 2 and the 3-year actuarial survival was 42%, 36%, 27%, 23% and 22% for each cut-off respectively. The median number of lymph nodes evaluated in the overall group was 15 (Table 1 ). There was no significant change in the median LN yield over the time period; 14 (2000-2005) versus 16 (2005-2010), P = 0.120. When examined as a continuous LN number or categorical variable (either 12 or 15) it was not associated with OS on univariate analysis (Table 3) . Patients with N1 disease (n = 370) had a shorter median OS: 21 months compared with 48 months P < 0.001 in N0 (n = 181) disease. Furthermore, the number of positive lymph nodes was associated with a corresponding decrease in OS: N0 = 48 months; 1 positive LN = 30 months (P = 0.038); and Ն2 lymph nodes = 20 months (P < 0.001). While LN positive status was significant at a univariate level (HR 2.092 (1.638-3.534), P < 0.001) its inclusion in a multivariate model failed to reach statistical significance (Table 3) .
To investigate the effect of the number of lymph nodes retrieved on survival in either N0 or N1 disease groups were divided into either </Ն12 or </Ն15 nodes. In N0 disease, there was a non-significant trend towards a poorer outcome in terms of long-term survival in patients who had less than 12 nodes retrieved (41 months versus 56 months; P = 0.26). There was no significant difference in long-term outcome in N1 disease if less than 12 nodes were evaluated (19 months versus 22 months; P = 0.917). When the analysis was repeated with the LN retrieval cut-off set at 15 there was no difference in outcome for either N0 or N1 disease.
In a subset analysis of N1 (n = 370) disease, the factors shown to be significant at a univariate level included: grade > 2, > 2 lymph nodes positive, LNR Ն0.2, a positive resection margin, and vascular and perineural invasion. Furthermore, all these variables were shown to be independent prognostic factors impacting on OS in a multivariate model: grade In evaluating the role of LNR in N1 disease specifically, there was an observed trend demonstrating poorer OS as the LNR increased from (0.1-0.2), (0.2-0.3), (0.3-0.4) or > 0.4 and was associated with median survivals of 21, 18, 16 and 16 months, respectively (Fig. 3) . Furthermore, an increasing LNR was shown to be able to differentiate long-term survival in patients with similar LN involvement (Table 4 ) and progressive tumour features ( Table 5 ).
Discussion
This study has confirmed that a LNR (> 0.2), together with vascular or perineural invasion, and a positive resection margin are all independent prognostic factors in determining long-term survival in patients undergoing resection for periampullary tumours. Additionally, results have demonstrated a progressively poor outcome in terms of both the overall cohort, and specifically in N1 disease, as the LNR increases from 0.1 to > 0.3. The presence of nodal disease represents a poor prognostic factor, 18 is associated with relatively high rates of LN metastasis to para-aortic nodal stations in periampullary tumours 19, 20 and, in the current study, has been shown to confer poorer OS than N0 disease. Results confirm House et al.'s observation that as the number of involved LN increases Ն2 there is an associated reduction in OS. 21 Importantly, however, in spite of the presence of nodal disease, or more specifically Ն2 nodes involved being associated with poor OS on a univariate level, it failed as an independent prognostic factor in a multivariate model herein and concurs with previous studies. 7, 10, 22 Several authors have previously advocated performing an extended lymphadenectomy to improve lymphatic clearance and the potential prognosis. 23, 24 A number of systematic reviews, randomized controlled trials and meta-analyses including a recent study describing 16 studies containing 1909 patients refute this approach and show no survival advantage associated with an extended pancreatoduodenectomy compared with a standard lymphadenectomy. 25, 26 Furthermore, given the predicted small difference in outcome, the number of patients required to show a statistically significant difference between a standard and extended lymphadenectomy would be so large that such an adequately powered randomized controlled trial would be unfeasible. 27 Pawlik et al. demonstrated that less than 12 nodes retrieved in N0 disease resulted in poorer OS and Tomlinson and colleagues highlighted that Ն15 nodes were required to confer a survival advantage in N0 disease. 9, 28 The number of lymph nodes required to minimize the risk of the stage migration phenomenon is proposed to be between 10 and 15. 29, 30 In this study, the impact of achieving a LN yield of both the American Joint Committee on Cancer (AJCC) TNM classification and the Royal College of Pathologist of United Kingdom criteria which are 12 and 15, respectively, is reported. 15, 16 While there was an observed trend towards poorer OS in N0 disease with < 12 nodes retrieved there was no statistical significance in OS when either >15 nodes in N0 or >12 & >15 nodes obtained in N1 disease. Furthermore, the analysis of the number of lymph nodes as a categorical value of 12 or 15 (or indeed as a continuous variable, data not shown) failed to show any correlation in a univariate analysis.
Several investigators have attempted to explore the relevance of not only the number of examined LN but also the utility of the LNR in various gastrointestinal cancers including oesophageal, gastric, colorectal and pancreatic carcinoma. 31 By definition, this marker incorporates both the extent of the metastatic disease (number of positive LN), the quality of a lymphadenectomy and the provision of an adequate specimen for the pathologist (the number of LN retrieved). In stage 3 colorectal cancer, the LNR provides a superior and independent prognostic stratification compared with the assessment of the number of positive nodes. 31 In pancreatic cancer, there have been a number of studies (predominantly incorporating case series of around 50-100 patients) that have reported the negative impact of an LNR range of between 0.10-0.40 on long-term outcomes. [6] [7] [8] 10, 11, 22, [32] [33] [34] [35] The current study includes more than 500 patients and it follows only three others with larger numbers. 9, 12, 21 No consensus has been established for the most prognostically accurate cut-off of LNR but in a review of the literature it appears to centre around 0.2 and its variance probably is a reflection of multiple components including tumour biology, an adequate lymphadenectomy and pathological examination the specimen to achieve maximum LN yield. House et al. in their study of 906 patients analysed LNR as a continuous variable and determined a cut-off value of 0.18 in predicting outcome. 21 The median survival of patients with an NLR < 0.2 in the current study was 33 months which was significantly greater than the 18 months in those with an LNR of >0.2 and results demonstrate a decrease in OS as LNR increases. Furthermore, in keeping with the findings of both Pawlik et al. and Bhatti et al., the current data demonstrated that the LNR is a valid marker for predicting adverse tumour factors such as vascular and perineural invasion and a positive resection margin. 7, 9 Tissue processing and meticulous pathological assessment are now becoming part of robust protocols in establishing true resection margin status and challenging marked variability in LN counts in tissue. [36] [37] [38] The technique now being adopted globally for the histological assessment of pancreatic specimens was developed in Leeds and introduced into practice in the Cleveland Clinic in 2009. 39 While all the Leeds specimens were processed using the new technique, it was only in the later period of the study was it used in both centres and to remove this as a confounding factor, the definition of positive margins was that traditionally utilized namely the presence of a tumour at the surgical resection margins rather than the new concept which also addresses in detail nonsurgical resection margins. As there is no difference in the surgical treatment of the specimen, it was not felt that this would influence LN harvest and hence the LNR. Indeed this has been confirmed by Liska et al. 38 Another factor clearly evident when the new method of tissue sectioning is applied is a change in the origin of the periampullary tumours. The data from Leeds would suggest that with the new technique of histopathological examination, which allows a more accurate assessment of the periampullary region, the proportion of pancreatic, ampullary and ductal carcinomas is close to equal, whereas traditional methods of tissue preparation would suggest a predominance of pancreatic head lesions. Consequently to avoid an inaccurate representation, periampullary carcinomas are not categorized individually and included in a multivariate analysis in this study. This is in difference to previous studies and acknowledges that some would consider this as a limitation.
There are in addition other limitations of the study. It is difficult to accurately account for surgical decision-making in performing more extensive LN dissections between different surgeons/centres in specific patients and not others. However, the finding that neither the number of lymph nodes retrieved or the proportion with >12 nodes harvested has not altered over time would lead us to assume that the technique has not significantly changed in the study period. It could be argued that the observation of a poorer OS in N0 disease where less than 12 nodes were retrieved could have represented missing nodes but as there was no correlation between the number of LN examined and outcome in the statistical model, it would appear that under-staging does not account for this, or if it is involved its influence is weak. The role of adjuvant chemotherapy has not been studied in this study as there was significant variation in its use across the 10 years of the study in relation to whether it was offered or not, and the constituents of the treatment.
The study is retrospective and hence there are questions as to data interpretation in particular in relation to some of the finer aspects of pathological assessment as at the commencement of the study there was no sub-specialization in pancreatic histopathology. However, in spite of this, the increasing number of retrospective studies that now exist in this subject area means that there is now the need for prospective studies in collaboration with potential adjuvant treatments to provide the next level of evidence in establishing the most optimal cut off value for LNR, utility as a negative prognostic factor and deciding on treatment algorithms. 32 
Conclusions
A LN ratio > 0.2 (and not LN status or LN yield) is, together with neurovascular invasion, and resection margin an important independent prognostic factors for OS in periampullary carcinomas. These data, in a large series, confirms previous studies in leading to the proposal of its utilization in outcome stratification. Prospective studies are now required to determine whether the LNR can be used to predict the need for, and benefit from chemotherapy.
